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© Image input system. 

© Optical image data read by a.photoelectric converter (3) 
are converted into N-bit digital signals by an A r D converter 
(4), and the digital signals are input to a look-up table 
memory (6) as address data. The memory (6) stores M-bit 
digital data which are linearly dependent on optical density 
of the image. Thus, the N-bit digital signals are transformed 
into the M-bits digital signals and a reproduced image ob- 
tained as an output of the memory (6) has a optical density 
which corresponds to that of the original image. 
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Image Input System 

The present invention relates to an image input system, 
and more particularly to an image input system which opti- 
5 cally reads an image of an object and converts the same 

into digital signals to be supplied to an image processing 
system. 

In an image input system used as a first stage of 

10 an image processing system such as a facsimile or a.process 
scanner, an image is generally photoelectr ically read 
by a photoelectric converter such as a photomult iplier , 
an optical diode or a charge coupled device (CCD). However, 
as is well known in the art, the intensity of light incident 

-jc; upon the photoelectric converter from' the original image 
is an exponential function of the optical density D of 
the image, and hence the levels of the analog electric 
signals output from the photoelectric converter are also 
an exponential function of the optical density D, .and 

2o the output signals are not directly proportional to the 

optical density of the image. Therefore, the analog output 
signals from the photoelectric converter have generally 
been logarithmically transformed by means such as an analog 
operational amplifier to obtain output signals which are 

25 in linear relation to the optical density of the original 
image, in order to simplify the processing in the image 
processing system and improve gradation reproducibility.- 
A circuit employing such an analog operational amplifier 
is relatively simple in construction, because it can be 

? q r Hr ,,i by one operational amplifier and a diode when sr. 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 196 044 

A2 



EUROPEAN PATENT APPLICATION 



© Application number: 86104004.6 
@ Date of filing : 24.03.66 



© int. a - H04N 1/40 



Priority: 26.03.85 JP 62684/85 
26.03.85 JP 62685/85 



© Date of publication of application : 01 .1 0.86 
Bulletin 86/40 



Designated Contracting States: DE PR GB 



@ Applicant: Dainlppon Screen Mfg. Co., Ltd., 1-1, 
Tenjinkitamachi Teranouchi-agaru 4-chome 
Horikawa-dori, Kamikyo-ku Kyoto-shi Kyoto-fu (JP) 



Inventor: Shimano, Noriyuki, 30-32 Morimoto Uji, UJi-shi 
Kyoto (JP) 



© Representative: Goddar, Heinz J. f Dr. et al, FORRESTER 
& BOEHMERT Wldenmayerstrasse 4/1, 
0-8000 Miinchen 22 (OE) 



CM 
< 

O 
<0 



@) Image input system. 

@ Optical image data read by a photoelectric converter (3) 
are converted into N-bit digital signals by an A-D converter 
(4), and the digital signals are input to a look-up table me- 
mory (6) as address data. The memory (6) stores M-bit dig- 
ital data which are linearly dependent on optical density of 
the image. Thus, the N-bit digital signals are transformed in 
to the M-bits digital signals and a reproduced image obtain- 
ed as an output of the memory (6) has a optical density 
which corresponds to that of the original image. 
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being input, while the M-bit digital signals are linear 
with respect to the optical density of the original image. 
Since such transformation is performed between digital 
signals, high speed processing and stable transformation 
5 characteristics are obtained. 

The linear relation between the M-bit digital signals, 
and the optical density of the image may be varied in 
embodiments of the invention. Such an image input system 
10 further comprises a transformation characteristic specifying 
means for inputting linear relation specifying data for 
selecting a desired linear relation to supply transformation 
characteristics corresponding to the desired linear relation 
to the digital transformation means. 

15 

Thus, an optimum linear relation is selected in res- 
ponse to the optical density range of the image being 
input and the N-bit digital signals are transformed into 
the M-bit digital signals in the optimum linear relation 
20 to the optical density. 

The present invention thus enables the provision 
of an image input system having stable and highly improved 
gradation reproduct ibility , and which can perform high- 
25 speed processing with excellent productivity. 

In order that the invention may be readily understood, 
embodiments thereof will now be described, by way of example, 
with reference to the accompanying drawings, in which: 

30 

FIGURE' 1 is a block diagram showing a first embodiment 
of the present invention; 

FIGURES 2 and 5 are graphs showing characteristics 
3? of the first embodiment; 
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operational amplifier (so-called LOG amplifier) performing 
the said logarithmic transformation is utilized. 

However, an analog operational amplifier formed by 
5 a semiconductor integrated circuit is inferior in frequency 
response and is not appropriate to high-speed processing. 
Further, the characteristics of the operational amplifier 
are generally unstable by temperature drift etc., and 
hence the gradation cannot be correctly reproduced. In 
10 addition, such a circuit employing the analog element 

cannot be easily adjusted, leading to inferior productivity. 

The present invention aims to provide an improved 
image input system which photoelectrically reads the image 
15 of an object to supply signals representing the image 
to an image processing system. 

Accordingly, the present invention provides an image 
input system for photoelectrically reading the image of 

20 an object and supplying electric signals representing 

the image to an image processing system, which image input 
system comprises: photoelectric conversion means for 
photoelectrically reading the image to convert the image 
into electric analog signals analog-to-digital converter 

25 means for converting the analog signals into N-bit digital 
signals; and digital data transformation means for trans- 
forming the N-bit digital signals into M-bit digital signal 
• indicating values in a prescribed linear relation to the 
optical density of the image and delivering the M-bit 

30 digital signals to the image processing system, N and 
M being integers satisfying N > M . 

The image read by the photoelectric conversion means . 
is thus converted into N-bit digital signals, which in 
35 turn are transformed to M-bit signals by the digital data 
transformation means. The N-bit digital signals are non- 
linear with respect to the optical density of the image 
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embodiment ; 

Fig. 8 is a graph showing a treatment in the vicinity of 
maximum and mininum values of the optical density in the second 
5 embodiment ; and 

Fig. 9 is a graph showing a modification of a linear 
relation of the present invention. 

10 

Pig. 1 shows the structure of an image- input system" 
according to a first embodiment of the present invention. In 
Fig. 1, reading light is emitted from a reflection light source 

15 

2a or a transmission light source 2b on an original- 1- to be 
inputted, which is recorded with an image having gradation. The 
light reflected by or transmitted through the original 1 is 
incident upon a photoelectric converter 3 included in the image 
input system through a well-known optical system (not shown) . 
The image is sequentially inputted along the scanning direction 
of a well-known scanning mechanism (not shown.), per fine pixel of 

25 the original 1 . 

Image data of the object (the original 1 ) thus optically 
inputted in the system are converted into analog electric 
signals by the photoelectric converter 3, to be further 

3° converted into N-bit digital signals (N = integer) in an A— D 
converter 4 in a subsequent stage, through an appropriate 
amplifier (not shown). For convenience of illustration, the 
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reference example; 

FIGURE M illustrates data storage format of a memory 
employed in the first embodiment; 

5 

FIGURE 6 is a block diagram showing a second embodiment 
of the present invention; 

FIGURE 7 is a graph showing characteristics of the 
TO second 
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range of 0^DiD Q , D Q represents the maximum value of the 

reproducible optical density and I DQ represents the value I Q 
when D=0. This functional form is depicted by symbol C 1 in 
5 Fig, 2. 

The second quadrant II in Pig. 2 
shows the relation between outputs I D from the photoelectric 
converter 3 and outputs from the A-D converter 4, i.e., the 
1 ^ input/output characteristics of the A-D converter 4. The outputs 
S N are supplied as. the N-bit digital signals, as hereinabove 
described. It is well known in the art that A-D conversion 
characteristics of the A-D converter 4 are substantially linear, 

15 

and can be expressed by a straight line L 1 as shown in Fig. 2. 
The functional form of the straight line can be obtained from 
the following conditions, assuming that S^ 0 represents the 
2 q output value corresponding to the aforementioned maximum 
value Dq : 

(i) where I D =I DQ (i.e., D=0),S N =0; and 

(ii) where l D = i DQ . 10" D 0(i.e., D=D Q ) , S N =S N0 
25 and the result is as follows: 

^ ~ / -/o-°* C ' . I Do > (2) 
Eliminating 1^ in the expression (2) by the expression 
( 1 ), following expression (3) is obtained. 

Sw = , _ ~-n~ (3) 
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As obvious from the expression (3), the N-bit digital signals 
after the A-D conversion are also nonlinear with respect to the 
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photoelectric converter 3 and the A— D converter 4 are coupled 
be hereinafter referred to as an "input/conversion section 5". 

The N-bit digital signals outputted from the 
input /conversion section 5 serve as address signals for a 
semiconductor memory 6 provided in a subsequent stage. In eaci 
address of the memory 6. M-bit digital data (M » integer smai: 
than N) obtained by an operation on the basis of prescribed 
expressions is previously stored as hereinafter described in 
detail. The M-bit digital signals corresponding to the M-bit 
digital data are outputted from addresses designated by the 
inputted N-bit, digital signals, to be supplied to an image 

15. 

processing system 7. 

A description will now be given of the input/convers ■ 
characteristics of the input /conversion section 5, with 

2Q reference to Fig. 2. In the graph as shown in Fig. 2, the firs- 
quadrant" I shows relation between the optical density D of th 
inputted image and outputs I D from the photoelectric converte 
3. As hereinabove described, the analog outputs from the 

25 photoelectric converter 3 are an exponential timet i 

of the optical density D, which can be expressed as follows, 
considering the amplifying gain in case that the outputs from 
the photoelectric converter element 3 are amplified by an ana 



30 



linear amplifier (not shown) : 
A D DO 

where the original optical density is assumed to be within th 
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5 may be obtained by performing processing with relatively large 
data length and that the image processing system 7 may perform 
processing with smaller data length while maintaining the good 
5 reproducibility . The memory 6 serving as the digital data 

transformation means is adapted to transform the N-bit digital 
signals received in the same into M-bit digital signals (N>M) 



10 



indicating values in a prescribed linear relation to the 

optical density D, as shown . by a functional form L 2 in the 
fourth quadrant IV of Fig. 2. Thus, the values to be 
outputted may be data in the following relation to the optical 
density D: 

15 c _ C / p ^ ' 

b M — o fj\o C J (4) 

where S^ Q represents the maximum value of the outputs 

corresponding to D=D Q 

' Since inputs in the memory 6 are given by the 

expression (3) and the outputs S M therefrom must be given by the 
expression (4), the transformation through the memory 6 must be 
performed on the basis of the following transformation relation 

25 (5), which is obtained by eliminating the value D from the 
expressions (3) and (4): 



r S tAo $ ( Sfjc 

bM ~ Do 

This functional relation is shown by C 2 in the' third quadrant 



30 III in Fig. 2 . 

Therefore, assuming that the right side of the 
expression (5) is expressed as f ( S N ) as the function cf the 
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optical density D. 

For reference, now consider such case where the outputs 
from the input /conversion section 5 are directly supplied to th 

5 image processing system 7. In this case assuming that 
quantization errors in the N-bit digital signals S N are 
represented by AS^ as shown in Fig. 3, a density error ^D^ 
corresponding to the quantization error AS N in a low-density ! 

10 region is relatively small, whereas a density error AD Q2 in a 
high-density region is considerably large. Therefore, if the 
data length (i.e., N) of the N-bit digital signals is decreased 
the optical density and the gradation are deteriorated in 
reproductibility in the high-density region. Thus, the gradatac 
is caused to jump and accurate reproduction of fine gradation 
cannot be obtained. 

2Q On the other hand, when the data length N is increased 

to improvjei gradation reproducibility in the high-density region 
cost of the image processing system would increase in proportit 
to N and this improvement would be impractical. Thus, when the 

25 outputs from the input /conversion section 5 as shown in Fig. 2 
are directly supplied to the image processing system 7, problem 
are "caused in the relation between the gradation 
reproductibility and the cost. 
3° According to the present invention, therefore, a digitc 

data transformation means (memory 6) is provided in order that 
the gradation reproductibility in the input/conversion sectioi 
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of a look-up table memory enables high-speed operation while 
productivity and stability are improved through the digital 
processing. 

5 A description will now be given with reference to 

Figure 6 of a second * 

embodiment of the present invention. The system as shown in Fig 
6 is different from that of Fig. 1 in the following points: 

10 First, the memory 6 as shown in Fig. 1 is replaced by a RAM 16, 
so as to enable reloading of a look-up table stored therein. 
Further, the system as shown in Fig. 6 includes a CPU 9 which 
operates to give data required for transforming N-bit digital 

^signals into M-bit digital signals in response to a program 
stored in memory 10. and data (linear relation specifying data) 
inputted through a keyboard 1 1 as hereinafter described in 
detail. The data thus obtained are previously stored in 

20 

addresses of the RAM 16 designated by outputs from an address 
generator 8. 

In order to clarify features of the second embodiment, 

25 properties of Yhe Tirst embodiment will now be discussed 

from another point of view. When the optical density range of 

the image to be inputted, i.e., the range from high -light 

portions to shadow portions of the original is relatively wide 

( A > 

30 as I> min ^ D <. D max as shown at Fig. 7, substantially no problem 
is caused since the data range of the M-b .t digital data 
corresponding to the said optical density range is also wide as 
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inputs S N# the memory 6 may be so . structured as to output th< 
functional value f (S N ) upon receiving the inputs S N . In order 
achieve such transformation, M-bits values.f (Xj) f f (x 2 ) , ... 

5 previously calculated on the basis of the expression (5) are 
stored in addresses (N - bit) respectively corresponding to a. 
possible values x^Xj,... of the inputs S N in this embodiment 
Then the value S w stored in the address designated by the 

10 received signal S N is read out and is outputted to the image 
processing system7. This is an application of the so-called 1<- 
up table memory. 

In such system, the quantization errors A S M in the M- 

1 5 

bit digital signals S M correspond to a prescribed density err 
AD Q in respective regions of the optical density D. Therefore, 
even if the value M employed is relatively small, sufficient 
2Q gradation reproduct ibility is ensured even in high-density 
regions . 

For example, in case of N = 12 bits, M = 8 bits and D 
= 2.0, the density error 4 D Q in this embodiment is obtained as 

25 0.008 (independent ofD) on the basis of the expression (4). 
the other hand, when memory 6 is not provided and the N-bit 
outputs from the input/conversion section 5 are directly 
supplied to the image processing system 7, the density error 

30 corresponding to sections of S N = 254 to 255 is 0.143, assumi 
that N = 8 bits. Thus, the gradation reproducibility is 
remarkably improved in this embodiment. Further, the employme 



35 
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S„ corresponding to D^^ v and D , . On the basis of this process, 
N ^ max id in 

the CPU 9 operates to obtain transformation data based on a 
linear functional form passing through the two end points. An 
expression for giving the transformation data is obtained in the 
following manner: 

The expressions (1) to (3) obtained on the basis of the 
functional forms and in Fig. 2 are also valid in the 
second embodiment. An altenative expression corresponding to the 
expression (4) is an equation for a straight line passing 
through the aforementioned two end points, which is formularized 
as follows : 

15 CSm -£m-.n)( Dm« ~ Dm'.n ) « C S m*L* " S m,n ) C D ~ Dm in) (6) 

The value D is eliminated from the expressions (3) and 
(6) , to obtain the following expression: 



10 



Sm= tit 0<sd:> + 4S =?r^\ } <?> 



20 

where 



A D - ' Dm^x — Dm)n (B) 

A S = S m&x — Smin (9) 

25 A($>D}= Sm»n Dm*x — S m u Pmin ( 10 > 

Symbol in Fig. 7 shows the functional form 

represented' by the expression (7)- Thus, the variable 

transformation relation represented by the expression (7) may be 

~° properly specified by specifying the values D . , D S . and 

man max mm 

S according to the conditions of original 1 to perform 
max a 

transformation corresponding thereto. Thus, within the required 

35 
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(A) 

S < s < S as shown at Fig. 7. However, when the optical 
min = M =• max « 

density range of the original image is narrow as D min S. D ^ D m 
as shown at Fig. 7, the data range of the M-bit digital data -S. 

5 is inevitably narrowed as S min ^ S M S max as shown at Fig. 7. 
Therefore, the M-bit digital data S M are only partially utiliz 
although the same have the wide data range of 0 i S M < S MQ . Fo 
example, even if 8-bit digital data are prepared for S M< 

10 gradation of the original image is merely expressed by a part « 

the 2 8 = 256 gradation levels. Thus, even if such data are 

transformed anew through a linear table, no clear reproduced 

image can be obtained due to jumps etc. caused in the gradatio 

1 ^ With respect to the image in the narrow density range 

CB) 

D < D < D , therefore, it is preferable to use such linea 
min = = max 

relation that the density range corresponds to most parts of 
the range of the M-bit digital data S M as shown by L 3 in Fig. 

20 

However, .if the RAM 16 fixedly stores such transformation data 
based on the linear relation L 3 , originals in wider density 
ranges cannot be treated. Thus, the system is so constructed 
<ae that the linear relation can be varied to enable appropriate 
selection. 

In other words, the linear relation L 3 is considered i 
such a manner that the end points (D max , S max ) * nd < D m i n ' S min 
30 thereof are variable. Then, data of these end points are 

arbitarily inputted through the keyboard 11 as shown in Fig. 6 
as "linear relation specifying data" to fetch respective value 
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for S„. Upon obtaining the results of the operation, the CPU 9 
supplies writing signals to a read/write. selection signal input 
pin R/W of the RAM 16 while generating N-bit address signals 
corresponding to respective values of the N-bit digital data 
through an address generator 8 to supply the same to the address 
part of the RAM 16, At the address of the RAM 16, corresponding 
M-bit data obtained by the CPU 9 based on the expression (7) 

M 

10 is stored. This storage relation is similar to that shown in 
Fig. 4. Namely, stored are M-bit digital data f (x^ ) f (x^ ) # • • • 



corresponding to the respective ones of x^ , x^ / assuming 

15 



that f( s N ) represents the functional form in the right side of 



the expression (7). 

Upon completion of the writing operation, the CPU 9 
supplies reading signals to the RAM 16. When the original 1 is 
set to be read out through the photoelectric converter 3, N-bit 

20 

digital signals after A-D conversion are supplied to the address 

part of the RAM 16, which in turn outputs the M-bit digital data 

corresponding to the N-bit values. Upon completion of such 

^ c processing in respective scanning directions, image input 

operation is completed with respect to one original 1. When 

another original image in a different density range is to be 

subsequently read, the said values D . , D , S . and S_^ v are 

mm max mm max 

3'* inputted anew to perform similar operation, storage and reading. 

With respect to accuracy in this embodiment, when, for 
example, the linear relation specifying data are given as D ffi ^ n = 



range, the amount of change of S M with respect to constant 
change in the optical density is always constant to prevent 
jumps etc* of gradation. 

5 In this case, however, there remain problems in 

transformation in the ranges of vicinity of the respective on* 
of the maximum and mininum values, i:e, 0 ± D <. £> min and D max 
D <. Dq . Such problems may be solved by connecting the linear 

10 relation to "limit transformation" as shown at a 1 and a 2 or 
"boost-up transformation" as shown at b 1 and b 2 in Fig. 8. Tht 
transformation a 1 is appropriate as the printing character ist 
for letterpress printing and the transformation b as that fo: 
offset printing. 

On the basis of the above discussion, description is i 
eiven of the operation of the embodiment as shown in Fig. 6 

20 within a range not overlapping with the above description. 

First, a program for operating the expression (7) is 

stored in the memory 10 with the parameters D min , D max ' s m i n " 

S An operator inputs the optical density range of the 

max 

25 original 1 to be inputted and the data range of the data S M t< 

be outputted in correspondence to the optical density range a 

the end point values D . . D Bavl S , and S , through the 
F mxn max mm max 

keyboard 11. 

^° on the basis of these data and the program stored in' 

menory 10, the CPU 9 concretely specifies the expression (7) 
operate the same with respect to all possible values x^ x 2# . 

35 
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linearity. In such case, a functional form representing the 
output characteristics of the input/conversion section 5 is set 
as S N = F(D) to obtain the form of an inverse function F -1 of 
the function F(D) , thereby to obtain relation D =F _1 (S„) . 
Therefore, Input/output relation in the digital data 
transformation means is set on the basis of the following 
expression: 

S M * k l F " 1(S N ) + k 2 
where k, and k 2 are constants* 

Prom these expressions, S., can be expressed as follows: 

M 

S M = k l D + k 2 (12) 
Thus, achieved is transformation for giving M-bit digital data 

indicating values in linear relation to the optical density D. 

In case where the linear relation is varied as in the 

second embodiment, the values k^ and k 2 are treated as variable 

and determined by the linear relation specifying data. 

(ii) When the functional form corresponding to F(D) 
cannot be obtained by analytical expression, relation between D 
and S^ may be numerically obtained through use of a gray scale 
etc. to store S M thus obtained in the memory 6 as shown in Fig. 
1. 

(iii) As to the system such as a facsimile for general 
public use, it may be required to be simple in operation while 
gradation reproducibility of reproduced images may not 
necessarily be high. In this case, the second embodiment can be 



-16-: 



0 196 ^44 



0.2, D max = 0.8, s aln =0 (0 % in reduction to the area rate c 

halftone dots in case of a process scanner) and S = 255 (1C 

max 

% in the same case) assuming that N = 12 bits, M = 8 bits anc 
5 D Q = 2.7, the image can be expressed in 230 gradation levels 
within the range of the area rate of halftone dots of 5% to 95 
Thus, the number of gradation levels is remarkably increased i 
comparison with 57 levels in the case of fixedly employing the 
^ linear relation E* 2 as shown in Fig. 2. Therefore, it is 

understood that, in addition to improvement by transformation 
based on the linear relation, a further effect is obtained by 
varying the linear relation to perform transformation in 

15 

consideration of the range of density distribution of the 
original image. 

Similarly to the first embodiment, further, employment 
2q of the aforementioned look-up table memory emables high speed 
operation while the digital processing improves productivity a 
stability. 

25 Description is hereafter ^iven of modif icat ions of* the 

present invent ion . 

(i) Although the functional form represented by the 

expression (3) is assumed for the output characteristics of th 
^ input/conversion section 5 with respect to the optical density 

in the respective embodiments, this functional form may not be 

directly applied when a photoelectric converter is inferior in 

35 
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"tax". Assuming that, for exampJe, D = 0 and D . =D^ , the 

E» 3_K m i n 0 

expression (7) becomes the following expression (13) 
corresponding to linear relation as shown by in Fig. 9: 

5 Sm = S M o ~ -gf Sm> _ i^ u _ /0 . Do) } ■ (13, • 

When such relation is specified, negative/positive 
transformation is also performed in the image input system. 

The present invention having the aforementioned 
^characteristics is also applicable to an input system for 

television video signals, in addition to the facsimile and the 
process scanner. In the case of the process scanner, the 
gradation level can be changed through use of another look-up 
table after the M-bit digital signals are obtained. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is 
20 -ay way of illustration and example only and is not to be taken 
by way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 

25 

The features disclosed in the foregoing description, in the claims 
and/or in the accompanying drawings may, both separately and in 
any combination thereof, be material for realising the invention 
in diverse forms thereof. 

30 
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carried out as follows: e 

The density ranges etc. of the images to be inputted are 
restricted to several types. Under the ciramstances, linear 
relationships corresponding to the respective density ranges 
are derived and transformation data obtained therefrom are 
previously stored separately in a plurality of memories or 
different areas of a mass storage memory. Simple selection 
switches etc. may be used as the "transformation characteristic 
specifying means". In response to the selection by the selection 
switches, a memory receiving the N-bit digital signals is 
selected to output the M-bit digital data stored therein. In 
this, case, the variable range of the linear relation is over the 
aforementioned several types. The term "variable" used in 
connection with the present invention includes such discrete 
variability as well as continuous variability. 

(iv) The transformation formula represented by the 
expression (5) can be employed as a special case in the variable 
linear relation, because the aforementioned problems may be 
caused only when the same is fixedly employed. 

In fact it is easily confirmed that the expression (7) 
becomes the expression (5) assuming that D min - 0 and D ffia x ~ D 0 
in the expression (7), and hence it is understood that the 
expression ( 7 ) includes the expression ( 5 ) . 

Further, the data D may be less than the data D . 

max 1 mm 

regardless of the ordinary meaning of subscripts "min" and 
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of the expression (a) in respective addresses corresponding 
to the values S N as data respectively tp output corres- 
ponding said values S M as said M-bit digital signals every 
time said N-bit digital signals are inputted. 

4* An image input system according to claim 1, comprising 
transformation characteristic specifying means (8, 9, 
10, 11) inputting linear relation specifying data for 
selecting a desired linear relation thereby to supply 
transformation characteristics corresponding to the desired 
linear relation to the digital data transformation means 
(16). 

5. An image input system according to claim H , wherein 
the linear relation specifying data include two optical 
density values D min and D max indicating end points of 
the optical density range of the image and two values 
S min and S max indicatin S end points of range and values 
to be indicated by said M-bit digital signals; and digital 
data transformation means (16) performs transformation 
on the basis of the following expression (b) determined 

by said values D . , D , S . and S : 

mm* max* mm max 

D represents the optical density of the image, 

Dq represents the maximum value of reproducible optical 
density, 

S N represents values indicated by the N-bit digital 
signals, 

S M represents values to be indicated by the M-bit 

digital signals in correspondence to the values S„ and 

N 



S N0 re P resen ts a value S N corresponding to the value 
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1. An image input system for photoelectri cally reading 
the image of an object and supplying electric signals 
representing the image to an image processing system, 
which image input system comprises: photoelectric con- 

5 version means (3) for photoelectrically reading the image 
to convert the image into electric analog signals analog- 
to-digital converter means (4) for converting the analog 
signals into N-bit digital signals; and digital data trans- 
formation means (5 or 8 to 11 and 16) for transforming 

10 the N-bit digital signals into M-bit digital signals indicat 
ing values in a prescribed linear relation to the optical 
density of the image and delivering the M-bit digital 
signals to the image processing system (7), N and M being 
integers satisfying N^M. 

2. An image input system according to claim 1, wherein: 
the said linear relation is valid within a range of 0 

D Dq, D being the optical density of the image and Dq 
being the optical density of the image and Dq being the 
20 maximum value of reproducible optical density; and the 

digital data transformation means performs transformation 
means performs transformation on the basis of the follow- 
ing expression (a): 

2S DO O SmO - Shi (J-lO - CO) J 

where S N represents values indicated by the N-bit digital 
signals, S^represents values to be indicated by the M- 
bit digital signals in correspondence to the values , 
^N0 re P resents a value corresponding to the value Dq, 
30 and S^q represents a value corresponding to the value 

3. An' image input system according to claim 2, wherein: 
the digital data transformation means includes memory 

35 means (6) storing sale value? 3 V obtained on the basis 
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where 



* D = D max ~ D min' 
A s = S max " S n,in' and 

* (SD) = S min D rnax " S max D ,in' 

6. An image input system according to claim 5, wherein 

the transformation characteristic specifying means includes 

operational means (11) for inputting data representing 

the values D . , D , S . _ and S to perform operation 

mm max mm max 

on the basis of the expression (b): and the digital data 
transformation means includes memory means storing the 
^ values S M in respective addresses corresponding to the 

values Sjg as data on the basis of outputs from the operationa 
1 means to output corresponding values S M as said M-bit 
digital signals in response to inputting of the K-bit 
digital signals as address signals. 



7, An image input system according to claim *J , wherein 
the linear relation specifying data is arbitrarily select- 
able from continuous values. 



8. An image, input system according to claim U , wherein 
the linear relation specifying data is arbitrarily select- 
able from discrete values* 

9. An image input device according to claim ^ wherein 
the linear relation is selected to limit transformation 
or boost transformation in the vicinity of respective 
ones of the maximum and minimum values of the optical 
density of the image. 
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